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Abstract 
A new solution for rapid identification of genetic markers of highly-pathogenic variant of avian influenza virus (HPAI) in a 
heterogeneous sample, utilizing portable lab-in-a-suitcase instrument with capillary gel electrophoresis method and single strand 
conformation polymorphism technique (CGE-SSCP) is presented. For the first time, minor highly pathogenic variant of avian flu 
has been distinguished at the background of dominating low-pathogenic strain in a few minutes (for standard PCR: > 2 hours), 
utilizing mobile instrument for genetic analysis which can be easily transported into the area of infection. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
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1. Introduction 
Avian influenza virus is normally adapted to birds and commonly present in waterfowl as a relatively harmless 
low-pathogenic strain. When transmitted by wild birds to free-range poultry, it spreads furiously and easily mutates 
into lethal highly pathogenic avian influenza strain. The latter was responsible for several outbreaks in last decade, 
which lead to culling 30 million of chickens in 2003 in the Netherlands alone [1] and affected another 30 million in 
the U.S. Midwest this year [2]. The more concerning are lately noted cases of transmission of HPAI to humans. 
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Recent report of WHO has revealed 571 laboratory-confirmed cases of human infections with highly pathogenic AI 
during last two years, including 212 deaths [3]. Therefore, prevention of outbreaks requires determination 
of pathogenicity of avian influenza on the spot within few hours. 
Commonly utilized influenza detection methods are based on amplification of genetic material using reverse 
transcriptase polymerase chain reaction (rt-PCR). However, the method is not efficient in detection of minor viral 
genetics variants present at heterogenic samples. To improve the sensitivity, electrophoretic single strand 
conformation polymorphism (SSCP) technique could be used after PCR, to detect genetic mutations which are 
characteristic to HPAI. As standard SSCP devices utilize slab-gel construction of electrophoretic separator, the 
analysis is labor-intensive and time-consuming, and its application is limited to stationary laboratory conditions. 
As an alternative, microchip-based solutions of SSCP combined with capillary gel electrophoresis (CGE) technique 
are being developed [4-6]. However, common “chip-in-a-lab” approach, requiring advanced external apparatus 
to operate a miniature chip, limits their real application in outdoor analysis. 
In this paper, a fully portable CGE-SSCP lab-in-a-suitcase instrument with microchip for rapid identification of 
genetic mutations is presented. The device was utilized in recently developed mobile laboratory for environmental 
sampling and detection of biological threats, providing rapid detection of biological markers of avian influenza virus. 
2. Materials and methods 
2.1. SSCP-CE method 
Single Strand Conformation Polymorphism is an electrophoretic separation technique for ultrasensitive detection 
of genetic mutations. After amplification of DNA sample utilizing standard polymerase chain reaction (PCR) 
method, nucleic acids are denatured to obtain single-stranded (ss) DNA and next rapidly frozen to sustain the 
characteristic spatial conformation, which relies mainly on genetic code. Due to different shape-based retention 
properties of the ssDNA conformers, they may be separated by gel electrophoresis, enabling detection of single 
nucleotide mutations. To obtain high detectability, fluorometric method combined with laser induced fluorescence 
(LIF) is commonly used to detect separated ssDNA conformers, which are labeled with fluorophore dyes. 
2.2. Samples and reagents 
Environmental samples of A(H7N7) avian influenza virus were collected at Shenington farm (Oxfordshire, 
United Kingdom) during the outbreak which lead to culling of 25,000 free-range chickens in June 2007. RNA of the 
virus was extracted utilizing standard molecular biology procedures. Reverse transcriptase PCR technique was used 
to obtain DNA fragments of highly variable region of hemagglutinin gene of low pathogenic (LP) and highly 
pathogenic (HP) strain of the virus. Each DNA fragment was labelled with Cy5 fluorophore. PCR products were 
mixed in various volume/volume proportions of HP and LP strains (from 0% to 100%) to assess limit of detection of 
the CGE-SSCP instrument. Samples were analyzed immediately after PCR, without any additional pretreatment. 
Separation experiments were performed using optimized 6% linear polyacrylamide (LPA) sieving matrix (gel) 
which confirmed efficiency for SSCP analysis [7]. 1 x TBE of electrophoretic grade was used as a running buffer. 
2.3. The chip and the instrument 
Glass chip for CGE-SSCP contains microfluidic channels for DNA sample transport, injection and separation. 
The length of separation channel was reduced to only 24 mm, providing compromise between short time of analysis  
and sufficient resolution of separation. The chip was fabricated of two borosilicate glass substrates, utilizing 
microengineering techniques of wet glass etching, mechanical drilling of via holes and fusion thermal bonding. 
Fragile glass structure was mounted in a polymer (PTFE-polycarbonate) case providing mechanical endurance in 
outdoor applications (Fig. 1 a-b). Running buffer reservoirs were shaped into Luer fittings, providing easy chip 
filling with viscous sieving matrix utilizing only pressure of a standard medical syringe. 
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Fig 1. Lab-in-a-suitcase portable system for rapid detection of genetic mutations: a) heart of the system – CGE glass chip for SSCP analysis, 
mounted in a polymer module case: a) top view, b) bottom view; c) real-view of the lab-in-a-suitcase instrument during experiments 
The lab-in-a-suitcase instrument is a recently developed portable device for automatic CGE-SSCP analysis of 
nucleic acids in glass chips (Fig. 1c). All mechanical, electrical and optical elements of this mechatronic system are 
integrated into a suitcase (50 cm x 40 cm x 20 cm), fulfilling military standards ((MIL C-4150J, STANAG 4280, IP 
67, ATA 300). The device contains high voltage generator and multiplexer (±2 kV) for precise management of EOF-
based fluid flow in the chip, temperature regulation unit (0-50°C ±0.01°C) for ultra-stable and reproducible thermal 
profile of SSCP analysis and fluorometric detection unit with non-cooled CCD camera, miniature laser diode and 
Smart Image Processing algorithm for ultrasensitive LIF-based detection of single-stranded DNA conformers [8, 9].  
All the subsystems are managed by built-in computer with control software with graphical user interface (GUI). The 
output signals are recorded in digital database and optionally filtered and smoothed to increase signal-to-noise ratio.  
The device is operated using touch screen, providing easy setting of parameters and real-time display of results. 
3. Results of analysis 
The lab-in-a-suitcase instrument was successfully applied in a series of experiments on detection of various 
pathogens, including: Yersinia pestis (agent of plague), Vibrio cholera (agent of cholera), Escherichia coli O157 H7 
and others. Here are presented results of detection of genetic markers of low and highly pathogenic A(H7N7) avian 
influenza. After preparation of the chip (approx. 5 minutes), it was placed in the measurement platform of the 
instrument, under CCD detector head. All the tests were conducted for optimized temperature profile of 15°C during 
analysis and electric field of 300 V/cm in the separation channel. The output signal processing comprised of signal 
smoothing with Savitzky-Golay filter and  subtraction of the baseline. 
First experiments were performed for isolated 100% low pathogenic strain, as well as 100% highly pathogenic 
strain of A(H7N7) avian influenza. Obtained images of the separation provided number and location of characteristic 
ssDNA genetic markers of each strain and were used as a reference for further tests with mixed samples (Fig 2a).  
 
a) 
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Fig. 2. Results of CGE-SSCP analysis of A(H7N7) avian influenza strains in lab-in-a-suitcase instrument: a) 100% low-pathogenic (LP) variant 
(reference for highly pathogenic (HP) strain detection), b) heterogeneous sample with mixture of HP:LP variants, containing minor 5% v/v 
highly-pathogenic strain; distinctive single-stranded DNA conformers of LP and HP strains are marked as L1-L4 and H4-H5, respectively. 
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In the next stage, series of experiments with heterogeneous A(H7N7) samples containing HP : LP volume/volume 
ratios from 50%:50% to 5%:95% were performed. First peak on every separation image was identified as 
homoduplex, and next as relevant ssDNA conformers of HP or LP strain. In each case, H4-H5 conformers were 
clearly seen down to lowest concentration of HP variant. As an ultimate result, identification of minor (5% v/v) 
highly pathogenic strain in heterogeneous sample within 6 minutes was obtained in the instrument (Fig. 2b). Further 
improvement of detection limit require application of Multitemperature SSCP technique, which utilizes rapid 
changes of temperature profile during separation for more sensitive detection of genetic mutations. 
4. Conclusions 
Highly pathogenic strains of avian influenza virus pose real threat to both animals and humans. As there are no 
available cures, rapid detection of the virus and determination of its pathogenicity in heterogeneous samples at spot 
of the outbreak is highly required. Presented here lab-in-a-suitcase instrument utilizing lab-chip technology and 
CGE-SSCP technique provides sensitive identification of genetic markers of low and highly pathogenic avian 
influenza. The experiments were performed utilizing real samples of A(H7N7) bird flu, collected during its outbreak 
at the free-range chicken farm in 2007. In preliminary test, various mixes of HP and LP strains were successfully 
detected, providing 5% limit of detection of highly pathogenic variant in heterogeneous sample within 6 minutes. 
This solution contributes significant progress in HP avian influenza detection, as the virus transmits quickly and 
every hour counts to determine pathogenicity and to prevent potential outbreak. 
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